Objectives: The aim of this study isto determine the effectiveness of balance training with Kinesthetic Ability Trainer (KAT 2000) in patients with peripheral neuropathic pain related balance disorder. Methods: Sixty patients were included into this controlled prospective study and randomized into either balance exercises group (Group 1) or KAT 2000 exercises group (Group 2). Balance exercises were given to all patients.Also, KAT 2000 balance exercises were given all patients in Group 2 (n = 30). All patients received 45-min individualized training session for three times a week for 4 weeks. Douleur Neuropathique 4 (DN4) questionnaire for neuropathic pain; visual analogue scale (VAS) for pain severity; KAT 2000 for static and dynamic balance; Nottingham Health Profile (NHP) for Quality of Life (QoL) was used. Dynamic balance and mobility also was assessed using the Berg Balance Scale (BBS) and Time Up and Go (TUG) test. Patients were evaluated at baseline and the end of the 4-week exercise program. Results: At the end of the treatment; VAS, BBS, KAT 2000, TUG, NHP, physical activity, NHP pain, NHP social isolation and NHP emotional reactions scores improved significantly in both groups (p < 0.05) except NHP sleep and NHP energy level scores in balance exercises group (p > 0.05). Statistical differences in VAS pain on movement, global assessment of patient, global assessment of doctor, NHP energy level scores were found between the groups (p < 0.05); but there were no statistical difference in VAS at rest, VAS at night, BBS, KAT 2000, TUG, NHP physical activity, NHP pain, NHP sleep, NHP social isolation and NHP emotional reactions scores between the groups (p > 0.05). Conclusion: When combined with the KAT 2000 device, positive effects of balance-coordination exercises on pain on movement and energy level are more evident in patients with peripheral neuropathic pain.
older. It can reduce mobility and independence in the elderly and can cause substantial morbidity and mortality [4, 5] . The fact that an increased incidence of nerve conduction abnormalities has been found in elderly with a history of balance impairment also suggests that peripheral nerve dysfunction can contribute to balance impairments [6] . It is known that distal sensory peripheral neuropathy and motor impairments may cause postural instability in elderly [7] . The association between peripheral neuropathy and balance impairments has been noted by many authors. It is known that subjects with peripheral neuropathy balanced less reliably on one foot for three seconds than did matched control subjects without peripheral neuropathy [8] .
In treatment, various exercise programs should be given to treat the balance impairments identified in the elderly people with peripheral neuropathy. Kinesthetic Ability Trainer (KAT 2000) is a device which consists of two components including a movable platform and a tilt sensor connected to a computer and evaluates and improves the balance ability. In static balance exercises with KAT 2000; patients try to keep the red X symbol located in the center of the computer screen, while in dynamic balance exercises they try to follow the red X symbol moving clockwise or counterclockwise. In this study, we aimed to evaluate the effectiveness of KAT 2000 in the treatment of patients with peripheral neuropathic pain related balance disorder.
METHODS

Experimental Approach to the Problem
This placebo randomized controlled trial was carried out in a university hospital and was conducted in accordance with the Declaration of Helsinki. The study protocol was approved by the university ethics committee with 30112015-4 registry number. A total of 60 patients who developed peripheral neuropathic pain-related balance impairment were included into this study and randomized into either balance exercises groups or KAT 2000 exercises groups. All participants were informed about the study and signed written informed consent forms before interventions. Outcome variables were selected to provide scores and before and after treatment these scores were compared.
Subjects
A total of 60 patients who developed peripheral neuropathic pain-related balance impairment in the chronic phase due to lumber disc herniation, lumber spondylosis and gonarthrosis were included in the study. Patients had neuropathic pain for more than 3 months. Neuropathic pain was diagnosed if Douleur Neuropathique 4 (DN4) score was ≥ 4. Balance assessment was done with the Berg Balance Scale. Individuals were included in the study who had DN4 scores ≥ 4 and moderately impaired balance with a score of 21-40 points on the Berg Balance Scale. Individuals were excluded in the study who had history of previous cerebrovascular events; other neurological, musculoskeletal, inner ear or eye disease that may lead to impaired vision or standing balance. Because it may affect balance tests; lower extremity surgery history, knee infection, inflammatory diseases like rheumatoid arthritis and spondyloarthropathies, another cause of polyneuropathy like diabetes mellitus, vitamin B 12 deficiency, toxic or neurological disease like stroke, spinal cord injury, sedative drug use story, heart failure not under active control, malignancy or active systemic disease.
Detailed anamnesis of all patients were obtained. Number of falls, associated systemic diseases and medications were recorded. All patients were examinedin detail with musculoskeletal and neurological examination. After physical examination all patients were received complete blood count, Creactive protein (CRP), erythrocyte sedimentation rate (ESR) and biochemical markers were evaluated. Patients whose test results were within the normal range were included in the study.
By using the website randomizer.org method participants were randomly assigned into two either balance exercises (n = 30) or KAT 2000 balance exercise (n = 30) group [9] . All of the patients were blinded to training allocation but the physiotherapist who applied thebalance training program was aware of the procedure. Also physiatrist who made the examination and evaluations were blinded to training allocation.
Outcome Measures
Patients were evaluated at baseline and 4 weeks later. The outcome measures used in the study are listed below.
Neuropathic Pain
Neuropathic pain was determined by the Douleur Neuropathique 4 (DN4) questionnaire. The DN4 questionnaire was originally developed for neuropathic pain diagnosis [10] . DN4 consists seven items related to symptoms and three related to clinical examination. For each item, a score of ''1'' is given if the response is ''yes'' and a score of ''0'' is given if it is ''no''. The patient is considered to have neuropathic pain if the total score is calculated to be 4 or more. The reliability and validity study of Turkish version of DN4 was performed by Cevik et al. [11] .
Pain Intensity
Pain intensity was evaluated on visual analog scale (VAS), where 0 = no pain and 10 = worst possible pain (12) . VAS consists of three mean scores; at rest, on movement and pain at night scores. All patients completed this scale.
Quality of Life
The quality of life was assessed using Nottingham Health Profile (NHP). All patients completed the NHP. This contains 38 statements (answered 'yes' or 'no') that assess subjective distress in six sections: physical activity (eight items), pain (eight items), sleep (five items), emotional reactions (nine items), social isolation (five items) and energy level (three items) [13] .
O'Brien's method was used in NHP score calculation. In order to calculate the overall score; the item weights for items answered affirmatively are added, and this total score is divided by 600 (the sum of all item weights); the result is subtracted from 1.In order to calculate the score for each section, total weight score of each section is divided by 100, the result is subtracted from 1 [14, 15] . According to these methods, when the evaluation score is close to 'zero', it shows poor health status and when it is close to 'one', it shows good health status. The methods described above were used in NHP score calculation in this study.
Static and Dynamic Balance Kinesthetic Ability Trainer 2000 (KAT 2000)
The KAT2000 device consists of two components including a movable platform and a tilt sensor connected to a computer. In static balance measurement, patients were instructed to cross their arms against their chest and maintain body equilibrium without changing feet on the platform. During the test, patients were asked to keep the red X symbol located in the middle of the computer screen.In dynamic balance measurement, patients were instructed to follow the red X symbol located in the center of the computer screen. During the test, circling in the clockwise direction, counterclockwise rotation in the clockwise direction, square drawing, eight strokes were performed. All patients performed each test for 30 s and repeated three times. The best of the three scores was considered as the final score. In calculating test scores, low scores indicate that the balance index is good. The reliability of the balance data with the use of the KAT has been explained previously [16] .
Berg Balance Scale
Dynamic balance and mobilitywas also evaluated using the Berg Balance Scale (BBS) and Time Up and Go (TUG) test. The BBS consists of 14 simple different balance-related tasks and evaluates the ability of the subject's static, dynamic, and functional balance. The success of each task was evaluated using a scoring scale between zero (unable) and four (independent). Total scores was calculated out of a maximum of 56 points (17) . The validity and reliability of the Turkish version of the BBS was studied byŞahin et al (18) .
Time Up and Go (TUG)
The TUG test is a simple test used to evaluate mobility [19] . Patients were instructed to rise from a chair, walk 3 m on the floor at a normal pace, turn around, walk back to the chair, and sit down [20] . The researcher observed the patient's postural stability, gait and stride length while the participants were walking. One source proposes that scores of 10 seconds (sec) or less indicate normal mobility, 11-20 sec normal limits for frail elderly subjects, and scores of 30 sec or more propose that the subjects may fall [21, 22] .
Procedures
Before balance training, warm-up and stretching exercises (paraspinal stretching, gluteus maximus and hip flexors stretching, hamstring stretching,
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gastroknemius and soleus stretching 1×10 repetition) were given all patients for 10 minutes.
In group 1, balance exercises contained postures designed to gradually reduce the base of support (2-legged stand, semi-tandem stand, tandem stand, 1-legged stand), dynamic movements to disturb the center of gravity (tandem walk, circle turns), exercises to stress the postural muscle groups (heel or toe stands) and exercises to reduce sensory input (standing with eyes closed) as recommended by the American College of Sports Medicine [22] . Subjects received 45-min individualized training session for three times a week for 4 weeks.
In group 2, balance exercises were given all patients. At the same time, balance exercises were given with Kinesthetic Ability Trainer 2000 (KAT 2000). In static balance exercises with KAT 2000; patients were asked to cross their arms against their chest and maintain body equilibrium without changing feet on the platform. During this time, patients were instructed to keep the red X symbol located in the center of the computer screen. In dynamic balance exercises with KAT2000; patients were instructed to follow the red X symbol located in the center of the computer screen. During this time, circling in the clockwise direction, counterclockwise rotation in the clockwise direction, square drawing, eight strokes are performed. Each test was performed for 30 sec and repeated three times. Increased measurements indicate a poor balance performance. The best of the three scores was accepted as the final score.Patients received 45-min individualized training session for three times a week for 4 weeks.
At the end of the balance training, cool-down exercises were given for 10 minutes, three times a week for 4 weeks in both groups.
Statistical Analysis
The means and standard deviations were given as descriptive statistics. Wilcoxon test was used to calculate the pre and post-treatment value differences. To compare the differences between two groups, Mann Whitney U was used. A level of significance of p < 0.05 was accepted. All analyses were performed using the SPSS for Windows 20.0 software program.
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RESULTS
A total of 60 subjects completed the 4-week exercise program. The demographic characteristics and baseline values of the outcome measures of the patients are presented in Table 1 . There were no statistically significant differences between the groups for baseline values (p > 0.05) ( Table 1) .
At the end of the 4-week treatment periods; VAS at rest (p < 0.01 for both groups), VAS pain on movement (p < 0.01 for both groups), VAS pain at night (p = 0.01 for Group 1, p < 0.01 for Group 2), BBS (p < 0.01 for both groups), KAT 2000 static (p < 0.01 for both groups), KAT 2000 dynamic (p < 0.01 for both groups), TUG test (p < 0.01 for both groups), NHP physical activity (p < 0.01 for both groups), NHP pain (p < 0.01 for both groups), NHP social isolation (p = 0.01 for Group 1, p < 0.01 for Group 2) and NHP emotional reactions (p < 0.01 for both groups) scores improved significantly in both groups (p < 0.05). At the end of the therapy there were no statistically significant difference forNHP sleep (p = 0.10) and NHP energy level (p = 0.10) scoresin Group 1; but there were statistically significant difference for these Table 2) . After the treatment, statistical differences in VAS pain on movement (p < 0.01), global assessment of patient (p < 0.01), global assessment of doctor (p < 0.01), NHP energy level (p = 0.01) scores were found between the groups (p < 0.05) ( Table 2 ). There were no statistical difference in VAS at rest (p = 0.75), VAS at night (p = 0. Table 2 ).
DISCUSSION
Balance is important for daily activities, with increasing age the balance function of older people will decline because of age-related physiological changes, such as decreased muscle strength, increased passive tissue stiffness and decreased nerve conduction velocity [23] [24] [25] . The fact that an increased incidence of nerve conduction abnormalities has been found in elderly with a history of balance impairment also suggests that peripheral nerve dysfunction can contribute to balance impairments [7] . Thus, balance exercises are important to maintain and improve balance function in older adults with peripheral In peripheral neuropathy, patients experience balance impairment during stance and gait because of the sensory proprioception system of the lower extremity that plays a key role in balance control is affected and also the afferent conduction of tactile and proprioceptive information is impaired [26] [27] [28] .
Balance exercises are important to maintain and improve balance function in older adults with peripheral neuropathic pain. Allet et al. [29] reported that strength and balance training significantly improved balance and strength, increased walking speed, and decreased fear of falling in patients with peripheral neuropathy.
In this study, we included the patients with peripheral neuropathic pain-related balance impairment in the chronic phase due to lumber disc herniation, lumber spondylosis and gonarthrosis. Frost et al. mentioned that radiculopathy may affect balance control the result of delaying muscle activation timing in patients with low back pain [30] . In the present study,we found that balance exercises and KAT 2000 exercises significantly improved VAS, KAT 2000, BBS, TUG, NHP physical activity, NHP pain, NHP social isolation and NHP emotional reactions scores. In that study, static balance test was performed with the person standing on the dominant leg and the dynamic balance test was performed with the person standing on both feet. It was mentioned that there was a learning effect on balance when the patients were retested, especially in the dynamic test and the greatest differences was seen in the static test. This was explained that standing on one leg was a daily living activity, while the skills required in the dynamic balance test were new because patient must convert a visual task into a set of coordinated movements [16] . On the other hand, there are many different systems that have been used in improvement of balance except KAT 2000. Nardone et al. [31] reported that balance training with either specific physical exercises or a powered platform is effective in patients with balance disorders of neuropathic origin; thus, they contribute to improving balance and potentially decreasing the risk of falling in patients with neuropathy. In another study, Lindemann et al. [32] compared the effectiveness Biodex stability system (BSS) balance training with a home-based exercise program in nondisabled elderly subjects. At the end of the study, it was shown that computer-assisted balance training, even if focused on one motor skill, was more effective than a home-based exercise program [32] .
KAT 2000can also be used as a tool for static and dynamic balance exercises [34] . There are only a few study using the KAT 2000 in balance impairments and in these studies it is used as only a testing device [33] [34] [35] . As far as we know there is no other study that KAT 2000 has been used as a tool for static and dynamic balance exercises. Therefore we used KAT 2000 as an exercise program to improve static and dynamic balance in patients with peripheral neuropathic pain.In our study, both balance and KAT 2000 exercises significantly improved KAT 2000 static and dynamic scores. On the other hand, KAT 2000 exercise group did not score better than balance exercise group with KAT 2000. So we can conclude that there is no learning effect.Additionally, there were no statistical difference between the groupsat the end of the 4-week.As a result, we can conclude that the combined use of balance and KAT 2000 exercises does not improve neither static nor dynamic balance further.
The BBS and TUG tests are most commonly used to predictdynamic and functional balance in the elderly. In the study of Kruse et al. [36] , efficacy of a home-based exercise program in patients with diabetic neuropathy was evaluated and the balance measurements which included the BBS, TUG and one-leg static stance (OLS) tests were collected at the baseline assessment and after 6 and 12 months of participation. No significant differences were noted between groups in neither BBS nor TUG; only OLS test was better in leg strengthening and balance exercises group than motivational telephone calls group. The training program had a minimal effect on participants' static balance [36] . In another study; Song et al. [37] assessed the effects of the balance exercise program on balance and trunk proprioception in the older adults with neuropathies. The BBS and TUG scores which assessed the dynamic balance, significantly increased in the exercise group but did not improve in the controlgruop which did not take exercise program. In that study, balance exercises have shown a positive effect by improving balance and trunk proprioception in older people with neuropathy [37] . In our study, after a 4-week balance training program, patients increased their BBS scores by 7.0 points in balance exercises groupand 3.8 points inKAT 2000 exercises group. The minimum detectable change of the BBS has been reported to be 7 points for older adults with an initial score of 25-34 [38] . Significant improvement in BBS scores was observed in both groups. All patients decreased their TUG time scores below 13.5 sec, a suggested cutoff point for fall risk in the elderly [39] . On the other hand, there were no statistical difference in BBS and TUG time scores between the groups at the end of the 4-week. This situation suggests that the combined use of balanceand KAT 2000 exercises does not improve the dynamic balance further as mentioned before.
Recently, a series of high-quality studies have been published that examine the relationship between neuropathic pain and health-related quality of life. The descriptive studies show that neuropathic pain is reported by patients to have a significant negative impact on sleep, physical functioning, emotional functioning and social functioning [40, 41] . Patients describe pain-related interference in multiple healthrelated quality of lifeand functional domains, as well as reduced ability to work and reduced mobility due to pain [42] . Disturbed sleep is always among the most common pain-related problems reported by individuals with neuropathic pain [41] . Benbow et al. [43] conducted a study on 79 diabetic and 39 nondiabetic patients were assessed using the Nottingham Health Profile (NHP) for the quality of life. Diabetic neuropathy patients had significantly higher scores in 5/6 NHP subgroups than either the other diabetic patients or the non-diabetic control patients. These subgroups were emotional reaction, energy, pain, physical mobility and sleep [43] . In our study, we determined significant improvements at quality of life in both groups except NHP sleep and NHP energy level scores in balance exercise group but this improvement was more significant in KAT 2000 exercise group. There were statistically significant differences in only NHP energy level between the groups. So we can conclude that combined use of balance and KAT 2000 exercises are effective for improvement of sleep and energy level in patients with peripheral neuropathic pain.
There are very few studies on the effect of balance exercise on neuropathic pain. Therefore, it is difficult to compare this study with other studies. In the future, we need to develop different kinds of balance exercises that will improve balance disorder in patients with peripheral neuropathic pain. So research studies should be done continuously to improve the balance and quality of life in patients with peripheral neuropathic pain.
Limitations
Short duration of exercise programs and followup were the major limitations of the study. In this study, we analyzed only the short-term effects of balance exercise programs, therefore further studies examining the long-term effects should be considered.
CONCLUSION
The results of our study confirm that 4-week balance and KAT 2000 balance exercise programs are effective in improving pain, static and dynamic balance and quality of life in adults with peripheral neuropathic pain. When combined with the KAT 2000 device, positive effects of balance-coordination exercises on global assessment of patient and doctor, pain on movement and energy level are more evident in patients with peripheral neuropathic pain. So, in an controlled setting; this combined exercise programme improves this burden complication.
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